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57 ABSTRACT 

The present invention relates to a battery pack including a 
housing adapted for being connected to a cordless power 
tool. A plurality of lower battery cells are positioned within 
the housing and electrically connected in Series with one 
another. An upper battery cell is Stacked on a first of the 
lower battery cells and is electrically connected in Series 
with the plurality of lower battery cells. An insulator cap is 
positioned at the top end of the upper battery cell. The 
battery pack also includes a first conductive Strip electrically 
connected to a second of the lower battery cells. The first 
conductive Strip extends completely from the Second of the 
lower battery cells to the insulator cap and forms a first 
electrical contact of a connector that is located at the 
insulator cap. 
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BATTERY PACK FOR CORDLESS TOOLS 

FIELD OF THE INVENTION 

The present invention relates generally to power Sources 
Such as battery packs. More particularly, the present inven 
tion relates to battery packs for use with cordless power 
tools. 

BACKGROUND 

Cordless power tools have become increasingly more 
popular. One reason for the increase in popularity relates to 
improvements which have been made with respect to battery 
pack designs. Contemporary battery packs provide cordless 
power tools with power capabilities that rival corded mod 
els. Additionally, contemporary battery packs typically can 
be used for extended periods without requiring recharging. 
A variety of concerns relate to the manufacture of battery 

packs. Once concern relates to maximizing manufacturing 
and assembly efficiency. Another concern relates to reducing 
manufacturing costs. A further concern relates to providing 
battery packs that are durable. 

SUMMARY 

The present invention relates to a battery pack including 
a housing adapted for being connected to a cordless power 
tool. A plurality of lower battery cells are positioned within 
the housing and electrically connected in Series with one 
another. An upper battery cell is Stacked on a first of the 
lower battery cells and is electrically connected in Series 
with the plurality of lower battery cells. An insulator cap is 
positioned at the top end of the upper battery cell. The 
battery pack also includes a first conductive Strip electrically 
connected to a second of the lower battery cells. The first 
conductive Strip extends completely from the Second of the 
lower battery cells to the insulator cap and forms a first 
electrical contact of a connector that is located at the 
insulator cap. In one embodiment of the present invention, 
the first metal Strip has a generally rectangular cross-section. 

Another aspect of the present invention relates to a 
method for manufacturing a battery pack. The method 
includes the Step of providing a plurality of lower battery 
cells. The method also includes the Steps of Stacking an 
upper battery cell on a first of the lower battery cells, and 
placing an insulator cap at a top end of the upper battery cell. 
The method further includes the Steps of providing a single 
continuous conductive Strip having first and Second ends, 
and forming an electrical contact on the insulator cap with 
the first end of the conductive strip. The method additionally 
includes the Step of electrically connecting the Second end of 
the conductive Strip to a Second of the lower battery cells. 

The present invention provide numerous advantages over 
the prior art. AS opposed to a Standard wire, the conductive 
Strip of the present invention can be used to both form an 
electrical contact at the top of the upper battery cell, and 
provide a direct electrical connection between the electrical 
contact and one of the lower battery cells. Such a configu 
ration improves manufacturing efficiency because the con 
ductive strip can be welded directly to the lower battery cell 
without requiring any intermediate connecting elements. 
Additionally, because the conductive strip itself forms the 
electrical contact located at the top of the upper battery cell, 
no weldment or other type of Separate connection is required 
at the insulator cap. Additionally, the configuration of the 
conductive Strip is conducive for mechanically Supporting 
and Stabilizing the upper battery cell relative to the lower 
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2 
battery cells, and also functions to retain the insulator cap on 
the top of the upper battery cell. 
A variety of additional advantages of the invention will be 

Set forth in part in the description which follows, and in part 
will be apparent from the description, or may be learned by 
practicing the invention. The advantages of the invention 
will be realized and attained by means of the elements and 
combinations particularly pointed out in the claims. It is to 
be understood that both the foregoing general description 
and the following detailed description are exemplary and 
explanatory only and are not restrictive of the invention as 
claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of this specification, illustrate Several 
embodiments of the invention and together with the 
description, Serve to explain the principles of the invention. 
A brief description of the drawings is as follows: 

FIG. 1 is a bottom perspective view of a battery pack 
constructed in accordance with the principles of the present 
invention; 

FIG. 2 is a top perspective view of the battery pack of 
FIG. 1; 

FIG. 3 is a top plan view of the battery pack of FIG. 1; 
FIG. 4 is an elevational view of the battery pack of FIG. 

1 shown in connection with a cordless drill; 
FIG. 5 is a perspective view of the battery pack of FIG. 

1 with the top cover removed to illustrate internal electrical 
components of the battery pack; 

FIG. 6 is another perspective view of the battery pack of 
FIG. 1 with the top cover removed; and 

FIG. 7 is a further perspective view of the battery pack of 
FIG. 1 with the top cover removed. 

DETAILED DESCRIPTION 

Reference will now be made in detail to exemplary 
aspects of the present invention which are illustrated in the 
accompanying drawings. Wherever possible, the same ref 
erence numbers will be used throughout the drawings to 
refer to the Same or like parts. 

FIGS. 1-3 illustrate the exterior features of a battery pack 
20 constructed in accordance with the principles of the 
present invention. The battery pack20 includes a housing 22 
having a base portion 24 and a top cover 26. The housing 22 
is also equipped with Spring-loaded tabs 28 configured for 
fastening the battery pack 20 to a power tool Such as the 
cordless drill 30 shown in FIG. 4. 

The top cover 26 of the housing includes a tower portion 
32 that projects outward from the top of the top cover 26 and 
is adapted to be received in a corresponding opening defined 
by a cordless power tool. A connector 34 is located at the top 
of the tower portion 32. The connector 34 includes a positive 
electrical contact 36 and a negative electrical contact 38. The 
electrical contacts 36,38 are adapted to provide an electrical 
connection between the battery pack 20 and a corresponding 
power tool. The electrical contacts 36,38 are also adapted to 
provide an electrical connection between a battery recharger 
(not shown) and the battery pack 20. 
The connector 34 also includes a thermister contact 40 

that is electrically connected to a thermister (not shown) 
located within the battery pack 20. When the battery pack 20 
is being recharged, the recharger preferably monitors, via 
resistance data generated by the thermister, the temperature 
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of the battery pack 20. The charger preferably is equipped 
with circuitry for automatically terminating the charging 
proceSS if the battery pack 20 temperature departs from a 
predetermined temperature range. 

FIGS. 5–7 show the battery pack 20 with the top cover 26 
removed to reveal the inner electrical components of the 
battery pack. The inner components include a plurality of 
lower battery cells 42, Such as nickel-cadmium cells, that are 
connected in Series with one another by conductive Strips 44. 
The lower battery cells 42 are positioned within the base 
portion 24 of the housing 22 and are Separated from one 
another by cylindrical insulating sleeves 46. An upper bat 
tery cell 48 is stacked on a first lower battery cell 50 (shown 
in phantom line) and is electrically connected in Series with 
the entire plurality of lower battery cells 42. The first lower 
battery cell 50 and upper battery cell 48 are generally 
co-axially aligned and are mounted in a common insulating 
sleeve 52 which facilitates in maintaining the co-axial 
alignment between the cells. The upper battery cell 48 and 
the first lower battery cell 50 are preferably in direct 
electrical connection with one another via a conductive Strip 
positioned thereinbetween. 
An insulator cap 54 is positioned on the top of the upper 

battery cell 48. The insulator cap 54 includes a flange 56 
extending at least partially around a circumference of the top 
end of the upper battery cell 48. The flange 56 overlaps the 
top end of the upper battery cell 48 to maintain alignment of 
the insulator cap 54 with respect to the top of the cell 48. The 
insulator cap 54 also includes a cutaway portion 58 config 
ured to leave a portion of the top side of the upper battery 
cell 48 exposed. 

The insulator cap 54 also includes an integrally formed 
U-shaped projection 60 that projects axially outward from 
the top end of the upper battery cell 48. The U-shaped 
projection 60 includes opposing first and Second legs 62, 64. 
The insulator cap 54 further includes an integrally formed 
projection 66 which is Spaced from the U-shaped projection 
60. 
The thermister contact 40 of the connector 34 is formed 

by a conductive member 68 that is secured to the projection 
66. A wire (not shown) is used to connect the conductive 
member 68 to a thermister (not shown) which is secured to 
the portion of the insulating sleeve 52 that surrounds the first 
lower battery cell 50. 

The positive electrical contact 36 of the connector 34 is 
formed by a first conductive strip 70 which has a first end 
that extends over the first leg 62 of the U-shaped projection 
60. The first conductive strip 70 preferably has a rectangular 
croSS-Section and preferably is made of an uninsulated 
copper alloy. The first conductive strip 70 extends com 
pletely and continuously from the insulator cap 54 to a 
second lower battery cell 72. A second end of the first 
conductive strip 70 is preferably welded directly to the top 
positive side of the second lower battery cell 72. It is 
preferred for weld projections to be utilized to focus the 
weld. 

The first conductive strip 70 is preferably bent in prede 
termined configuration to facilitate providing an electrical 
connection with the second lower battery 72, and to provide 
a mechanical connection with the insulator cap 54. For 
example, the first end of the conductive strip 70 is bent in a 
curved configuration which is hooked around the top of the 
first leg 62. At the base of the first leg 62, the first conductive 
Strip 70 is bent at a Substantial right angle Such that a portion 
extends along the top Surface of the insulator cap 54. At the 
periphery of the insulator cap 54, the first conductive strip 70 
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4 
is bent at another Substantial right angle Such that a portion 
of the first conductive strip 70 extends downward in a 
direction generally parallel to the upper battery cell 48. 
Adjacent the top of the second lower battery cell 72, the first 
conductive strip 70 is bent at a further substantial right angle 
to facilitate connecting the Second end of the first conductive 
strip 70 to the top of the second lower battery cell 72. 

Referring to FIG. 6, the first strip 70 is also secured to the 
insulator cap 56 by a cylindrical tab 73 that projects upward 
from the cap 56 and that extends through an aperture defined 
by the first strip 70. Additionally, the first conductive strip 70 
is arranged to fit within a longitudinal channel 75 defined by 
the tower portion 32 of the top cover 26. 
The negative electrical contact 38 of the connector 34 is 

formed by a second conductive strip 74 that has a first end 
hooked over the Second leg 64 of the U-shaped projection 
60. A second end of the conductive strip is connected, by 
means Such as a weldment, directly to the top Side of the 
upper battery cell 48. Access to the top side of the upper 
battery cell 48 is provided by the cutaway portion 58 of the 
insulator cap 54. 
The first and second conductive strips 70, 74 cooperate to 

mechanically retain the insulator cap 54 on the top of the 
upper battery cell 48. Additionally, the first conductive strip 
70 functions to mechanically stabilize the upper battery cell 
48 relative to the lower battery cells 42. 

It will be appreciated that the battery pack can be 
equipped with a variety of Voltage capacities. Exemplary 
Voltage capacities include 9.6 volts, 12 volts and 14.4 Volts. 

Another aspect of the present invention relates to a 
method for assembling the battery pack 20. The method 
includes the Step of connecting the plurality of lower battery 
cells 42 in series. Next, the upper battery cell 48 is posi 
tioned above and electrically connected to the first lower 
battery cell 50. The insulator cap 54 is then placed at the top 
end of the upper battery cell 48. The negative contact 38 of 
the connector 34 is formed by hooking the first end of the 
second conductive strip 74 over the second leg 64 and 
welding the second end of the second conductive strip 74 
directly to the top of the upper battery cell 48. The positive 
contact 36 of the connector 34 is formed by hooking the first 
end of the first conductive strip 70 over the first leg 62 and 
welding the second end of the first conductive strip 70 to the 
top of the second lower battery cell 72. As the first strip 70 
is hooked over the first leg 62, the cylindrical tab 73 fits 
within the corresponding aperture defined by the first Strip 
70. The thermister contact 40 is formed by placing the 
conductive member 68 over the projection 66 of the insu 
lating cap 56. The thermister, which is electrically connected 
to the conductive member 68, is then secured by means such 
as aluminum tape to the portion of the insulating sleeve 52 
that surrounds the first lower battery cell 50. 

After the above electrical connections have been 
completed, the lower battery cells 42 are placed in the base 
portion 34 of the housing 22. Finally, the top cover 26 is 
placed over the base portion 24 Such the upper battery cell 
48 is received within the tower portion 32 and the first 
conductive strip 70 is received within the channel 75 of the 
tower portion 32. 
With regard to the foregoing description, it is to be 

understood that changes may be made in detail, especially in 
matters of the construction material employed and the shape, 
Size and arrangement of the parts without departing from the 
Scope of the present invention. It is intended that the 
Specification and the depicted aspects of the invention may 
be considered exemplary only, with a true Scope and Spirit 
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of the invention being indicated by the broad meaning of the 
following claims. 
We claim: 
1. A battery pack comprising: 
a housing; 
a plurality of lower battery cells positioned within the 

housing and electrically connected in Series with one 
another, 

an upper battery cell positioned above the lower battery 
cells and electrically connected in Series with the 
plurality of lower battery cells; 

an insulator cap positioned at a top end of the upper 
battery cell; 

a first conductive Strip electrically connected to a Selected 
one of the lower battery cells, the first conductive strip 
extending completely from a top end of the Selected 
one of the lower battery cells to the insulator cap, the 
first conductive Strip being arranged and configured to 
mechanically Stabilize the upper battery cell relative to 
the lower battery cells; and 

a Second conductive Strip electrically connected to the 
upper battery cell, the first and Second conductive Strips 
being constructed and arranged to form a connector 
located at the insulator cap. 

2. The battery pack of claim 1, wherein the insulator cap 
includes opposing first and Second members that extend 
axially outward from the top end of the upper battery cell, 
and the connector includes portions of the first and Second 
conductive Strips that are respectively bent over the first and 
Second members. 

3. The battery pack of claim 1, wherein the first and 
Second conductive Strips cooperate to retain the insulator cap 
on the upper battery cell. 

4. The battery pack of claim 1, wherein the first conduc 
tive Strip comprises an uninsulated copper Strip. 

5. The battery pack of claim 1, wherein the second 
conductive Strip is welded to the top end of the upper battery 
cell, and the insulator cap includes a cut-away portion for 
providing access to the top end of the upper battery cell. 

6. The battery pack of claim 1, wherein the insulator cap 
includes a flange extending at least partially around a 
circumference of the top end of the upper battery cell. 

7. The battery pack of claim 1, wherein the first conduc 
tive strip is welded directly to the selected one of the lower 
batteries. 

8. The battery pack of claim 1, wherein the housing 
includes a tower portion adapted to cover the upper battery 
cell, the tower portion defining a channel extending in a 
direction along a length of the tower portion, the channel 
being arranged and configured to receive the first conductive 
Strip. 

9. The battery pack of claim 1, further comprising a 
cordless power tool connected to the battery pack. 

10. The battery pack of claim 9, wherein the cordless 
power tool comprises a drill. 

11. The battery pack of claim 1, wherein the first con 
ductive Strip comprises a Substantially flat copper Strip 
which is bent at predetermined locations to facilitate pro 
Viding an electrical connection with the Selected one of the 
lower batteries, and to provide a mechanical connection with 
the insulator cap. 

12. The battery pack of claim 1, wherein the first con 
ductive Strip has a Substantially rectangular croSS-Section. 

13. The battery pack of claim 1, wherein the upper battery 
cell is stacked directly above a selected other of the lower 
battery cells that is different from the selected one of the 
lower battery cells, the upper battery cell and the Selected 
other of the lower battery cells being co-axially mounted 
within a common cylindrical insulator sleeve. 
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6 
14. The battery pack of claim 13, wherein the upper 

battery cell is electrically connected directly to the Selected 
other of the lower battery cells. 

15. A battery pack comprising: 
a housing: 
a plurality of lower battery cells positioned within the 

housing and electrically connected in Series with one 
another, 

an upper battery cell positioned above the lower battery 
cells and electrically connected in Series with the 
plurality of lower battery cells; 

an insulator cap positioned at a top end of the upper 
battery cell, the insulator cap including at least one 
projection that extends axially outward from the top 
end of the upper battery cell; and 

a first conductive Strip providing an electrical connection 
between the upper battery cell and a Selected one of the 
lower battery cells, the first conductive Strip including 
a main portion that extends from the Selected one of the 
lower battery cells to the insulator cap, the first con 
ductive Strip also including a bent portion that is a 
Single unitary piece with the main portion of the first 
conductive Strip, wherein the bent portion is bent over 
the at least one projection of the insulator cap and forms 
a first electrical contact of a connector located at the 
insulator cap. 

16. The battery pack of claim 15, further comprising a 
Second conductive Strip electrically connected to the upper 
battery cell, the Second conductive Strip forming a Second 
contact of the connector. 

17. The battery pack of claim 16, wherein the insulator 
cap includes opposing first and Second projections that 
extend axially outward from the top end of the upper battery 
cell, and the first and Second contacts of the connector are 
formed over the first and Second projections. 

18. The battery pack of claim 15, wherein the first 
conductive Strip comprises a metal Strip having a rectangular 
croSS-Section. 

19. A battery pack comprising: 
a housing: 
a plurality of lower battery cells positioned within the 

housing and electrically connected in Series with one 
another, 

an upper battery cell Stacked on a first of the lower battery 
cells and electrically connected in Series with the 
plurality of lower battery cells; 

an insulator cap positioned at a top end of the upper 
battery cell; 

a first conductive member providing an electrical connec 
tion between a Second of the lower battery cells and an 
electrical contact located at the insulator cap; and 

wherein the upper battery cell and the first of the lower 
battery cells are coaxially mounted within a common 
cylindrical insulator sleeve. 

20. The battery pack of claim 19, wherein the first 
conductive member comprises a conductive Strip. 

21. The battery pack of claim 20, wherein the conductive 
Strip is mechanically and electrically connected directly to a 
top end of the Second of the lower battery cells, and includes 
a bent portion that forms an electrical contact at the insulator 
Cap. 

22. The battery pack of claim 19, wherein the first of the 
lower battery cells is electrically connected directly to the 
upper battery cell. 


